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I 
摘  要 
针对柿竹园多金属矿特大采空区条件下大尺度岩体结构稳定性的重大地压
灾害技术难题问题，在工程现场进行的实地节理裂隙调查和统计分析的基础上，




















C6 至 C7 范围内的矿柱，然后再开采 P4 方向，C5 至 C6 范围内的矿柱。 
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Abstract 
In order to solve the chanlleging technical problems of stability of large goafs and 
large-scale rockmasses in Shizhuyuan Polymetallic Mine, the survey of joints is 
carried out first. Then based on the statistical analysis, the CSIR geological evaluation 
system is employed to determine quality grade of the rockmasses. The mechanical 
parameters are determinated synthetically, mostly based on Hoek-Brown criterion but 
also combined with other methods. Moreover, the principles of construction 
mechanics in excavation and support of underground engineering and ANSYS 
simulation for excavation are applied. Combined with basic principle of energy 
calculation for engineering stability and analysis for stress-strain energy, calculation 
program for elastic energy density and energy release rate are obtained. Thus, the 
ANSYS software is developed secondarily to carry on energy analysis, which 
includes setting up a large 3-D finite element model of large-scale rockmass structures 
and analyzsing stresses, energy and energy release in overlying rock strata and pillars. 
Afterwards, combined with site microseismic monitoring technique, the results 
obtained by microseismic monitoring are analyzed and compared with those by 
numerical calculation. Finally, based on the combinated study of numerical 
calculation and microseismic monitoring technique, further recovery programs of 
pillars are studied and varies of optimization indexes are analyzed, aimed to make 
sure of the optimum recovery sequence of large-range pillars. 
From the research carried out by this paper, basic mechanical parameters of 
rockmass and pillars are obtained, and there are also other conclusions. Firstly, the 1st 
principal stresses in the bottom and corners of goafs and suspended rockmasses are 
tensile stresses, meanwhile, almost all 3rd stresses are compressive stresses, and the 
values in both sides of stopes are greater. Secondly, more energy accumulates near the 
blasting zone. But the numerical results show that rockbusts cann’t occur in the pillars. 
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bottom and upper, however, for all pillars, the maxium value occurs in the bottom. 
Thirdly, the energy release rate is small relatively, and the stability of rockmasses and 
pillars is well. Energy in pillars is shifted or released as a result of the excavation of 
mine on top of the goafs, while more elastic energy accumulates in the pillars. 
However, owing to the excavation of mine in pillars or on top of pillars, more elastic 
energy accumulates in the suspended rockmasses. Fourthly, the results acquired by 
microseismic monitoring coincide with those by numerical calculation basically, 
which embodys the rationality of numerical program. But the hazardous zones 
obtained by numerical calculation are larger and more comprehensive than those by 
microseismic monitoring. Finally, blasting or excavation zone at one time must be less, 
if next recovery of the pillars is carried out. Hereafter, the pillars from C6 to C7 and in 
the direction of P2 are suggested to be excavated early, and the pillars from C5 to C6 
and in the direction of P4 are suggested to be excavated later. 
Key Words: large-scale rockmass structures; 3-D finite element analysis; energy 
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随着后来 20 多年的开采，在 300×300m2 设计开采范围内的矿体中就形成了
由开采完的矿房空区和未采矿柱高度达 69m 的特大型地下“框箱型”岩体结构
（见图 1.1）。由矿房开采形成了高达 300 多万 m3 的巨大采空区群，累计顶板暴
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